The ovules are flattened, showing 180° rotational symmetry, and are 6-10 mm long, up 122 to 6 mm wide in the primary plane and 3 mm in the secondary plane ( Fig. 1 ; Plate I).). In 123 longitudinal section in the primary plane, the ovules are ovate, whereas in the secondary plane 124 they appear vase shaped due to the flattening of their distal portion, perhaps as a result of 125 compression (Fig. 1, A, B ; Plate I, 1-3). All demonstrate characteristic elaborations of the 126 sclerotesta at the apex and base (Plate I, 1-4). In transverse section, the ovules are oval at the 127 base and become increasingly flattened toward the apex (Plate I, 5-7). 128
Integument 129
The integument of P. antarcticum has a total thickness of 630 µm at mid-level and is 130 composed of a complex sarcotesta, a middle sclerotesta, and a simple, uniseriate endotesta 131 (Plate I, 1; Plate II, 1). The outer part of the integument, recognized as the sarcotesta, is 132 variously preserved. In most specimens, its presence is only indicated by a cavity that 133 surrounds the ovule and contains a few degraded cells, especially around the basal extensions 134 of the sclerotesta (e.g. Plate I, 4). In a single specimen (16105 Ftop), the complete sarcotesta 135 is preserved sufficiently to indicate that the layer ranges from 260-500 µm thick and is 136 composed of two distinct zones (Plate I, 1; Plate II, 1). The outermost zone, corresponding to 137 the epidermis, is unicellular, forming a palisade-like layer of parenchymatous cells with 138 thickened outer and lateral walls (Plate II, 2). These cells are 37-44 µm long and 12-19 µm in 139 diameter with outer walls 3-4 µm thick; most have shrunken dark contents. The inner layer of 140 the sarcotesta is multicellular and composed of a partially degraded tissue (Plate II, 1, 3). The 141 only identifiable cells in this layer are 25-100 µm in diameter, with walls up to 15 µm thick, 142
and commonly with conspicuous dark contents. These cells appear to have thicker walls and 143 are more numerous at the junction with the underlying sclerotesta. In specimen 16105 Ftop, 144 the sarcotesta does not completely surround the sclerotesta but appears to fold back on itself 145 below the level of the apex (Plate I, 1; Plate II, 1). However, the evidence for this feature is 146 limited to this single specimen, which is only partly preserved and the general shape of the 147 sarcotesta remains unknown.
148
The poor preservation of the sarcotesta compared with the underlying sclerotesta 149 suggests that this tissue was relatively fragile and may have decomposed rapidly prior to 150 fossilization. The consistent presence of a thin coalified layer between the sarcotesta and 151 sclerotesta (Plate II, 3) may also suggest the possibility that the sarcotesta may have been 152 exfoliated naturally during the development of the seed. This hypothesis might explain the 153 nearly consistent absence of the sarcotesta in most specimens.
154
The most conspicuous part of the integument in P. antarcticum is the sclerotic layer ( 155 = sclerotesta). Its thickness is variable, typically measuring 100-250 µm in the mid-region of 156 the ovule to more than 1 mm thick in zones where it forms the elaborations that are the 157 distinctive features at the apex and base of the ovule (Fig. 1) . The sclerotesta is composed of 158 7-10 layers of sclereids; these are oriented parallel to the long axis of the ovule and are 159 hexagonal to circular in transverse section (Plate II, 1, 3). They are 10-18 µm in diameter, up 160 to 90 µm in length, and have pitted walls. In many cases, only the outline of the cells can be 161 seen where the walls are not preserved and are replaced by amorphous, opaque contents. In 162 the zones where the cell wall is well preserved, it is about 6 µm thick and surrounds a small 163 oval lumen (Plate II, 3).
164
The sclerotesta is elaborated into lateral ridges at the base and micropylar end of the 165 ovule. In section view small ribs extend out from the surface in the primary plane for 166 approximately 700 µm (Plate I, 5, 6). At the chalazal end, the sclerotesta forms a collar-likeelaboration around the pedicel ( Fig.1, C Grand-Croix, teeth of the sclerotesta form a collar around both the micropyle and pedicel 355 (Combourieu and Galtier, 1985) . In noting these similar features we do not wish to imply any 356 taxonomic affinity for Probolosperma, but rather to note a convergence of integumentary 357 organization that may be related to some ecological or environmental pressures (e.g., 358
pollination, dispersion mechanism, spatial arrangement of seeds, or habitat). A major 359 difference is that the sclerotesta of trigonocarpaleans has radial symmetry whereas that of the 360 new ovules is distinctly bilateral. Another similarity shared with the Medullosales is the 361 presence of a pedicel in Probolosperma, a structure found in no other ovules from the 362 Fremouw Formation. This may reflect the fact that they are the largest ovules in this flora and 363 thus a stronger mechanism of attachment was needed. The presence of pitted tracheids in the 364 vascular strands that enter the pedicel might also be linked to the large size of the strand.
365
Mitrospermum leeanum is a cordaitean seed from the Pennsylvanian of Iowa. It has a 366 sclerotesta in the form of lateral wings and a large basal chamber that has been interpreted as 367 a floating mechanism for dispersal in water ( Kern and Andrews, 1946; Baxter, 1971). It 368 differs from trigonocarpalean seeds by its strong bilateral symmetry, free nucellus, and thick 369 integument, a set of characters also found in Probolospermum. It also is comparable in size.
370
However Mitrospermum leeanum lacks a pedicel and differs from the new ovules by the 371 anatomy of its integument which has a sclerified outer layer. 372 373
Diversity of gymnosperms in the Fremouw Formation 374
The number of reproductive structures versus vegetative structures known for each 375 gymnosperm group in the Fremouw Formation is variable ( 
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